Abstract. 'Pavo', a commercially grown, virus-susceptible squash (Cucurbita pepo L.) hybrid, and two experimental virus-resistant transgenic squash hybrids, XPH-1719 and XPH-1739, were tested for field performance. The two transgenic squash hybrids possess the desired fruit and plant characteristics of their parental line, 'Pavo', plus resistance to zucchini yellow mosaic virus and watermelon mosaic virus 2 (XPH-1719), and resistance to zucchini yellow mosaic virus, watermelon mosaic virus 2, and cucumber mosaic virus (XPH-1739). Percent emergence and days to flowering were similar among the three hybrids. XPH-1719 and XPH-1739 were equally effective in producing a high percentage of quality marketable fruit and yields with 90% and 13,800 kg•ha -1 and 87% and 16,500 kg•ha -1 , respectively. XPH-1719 and XPH-1739 demonstrated their outstanding virus resistance over 'Pavo' by producing only 3% and 14% symptomatic plants, respectively, compared to 53% for 'Pavo'. They also produced the lowest percentage of infected fruit, 0% and 7%, respectively, with 'Pavo' at 26%.
Two experimental virus-resistant transgenic hybrids developed by the Asgrow Seed Co., Kalamazoo, Mich., XPH-1719 and XPH-1739, and a commercially grown virus-susceptible hybrid, 'Pavo', were tested at the Texas A&M Univ. Experimental Farm near College Station in Summer 1993. The two transgenic squash hybrids possess the desired fruit and plant characteristics of their parental line, 'Pavo', plus resistance to ZYMV and WMV2 (XPH-1719) and resistance to ZYMV, WMV2, and CMV (XPH-1739). The experiment used 1625 m 2 of land, including a 9.1-mwide required buffer zone surrounding the experimental area. The three hybrids were evaluated using a randomized block design with three replications. Experimental plots were 15.2 m long with rows 1.0 m apart. Each replication was separated by a 1.5-m-wide alleyway. Plots were established by handplanting one seed every 0.3 m in a single row per bed. Plants were grown on drip-irrigated, 1.0-m-wide beds mulched with black plastic. The buffer rows were all planted with 'Pavo', the susceptible hybrid. All other cultural practices were conducted as recommended in Dainello (1993) and Swiader et al. (1992) . Due to the limited availability of seed, the initial populations of XPH-1719, 'Pavo', and XPH-1739 were unequal, i.e., 50, 50, and 33 plants/plot, respectively. Therefore, 'Dixie', another virus-susceptible hybrid, was used as fill to balance the XPH-1739 plots.
All hybrids were indexed for seedling emergence rate, days to flower, total yield, and virus infection. Plots were harvested every other day for 2 weeks for a total of seven harvests. Before each harvest, all plants that looked infected were flagged for easy detection and counted to determine infection severity visually. Number of infected and noninfected fruit, determined visually, and their corresponding fresh weights were recorded. Fruit showing other problems also were counted and weighed in every harvest. All fruit were bagged and properly disposed of after each harvest as requested by the proprietors of the three hybrids. Data were subjected to analysis of variance, and the mean responses of the descriptors were compared using Duncan's multiple range test at P ≤ 0.05.
Results and Discussion
The two transgenic squash hybrids XPH-1719 and XPH-1739 outperformed their virus-susceptible parental line 'Pavo' for most of the variables tested. Few differences in 1993), conventional plant breeding methods have failed to introduce this resistance into commercial squash varieties (Oliver and Giblin, 1992) . The use of conventional plant breeding techniques in combination with biotechnology offers the potential to transfer the desired resistance. The process used to breed virus resistance in the hybrids evaluated involves the cloning and engineering of coat protein genes from viruses and inserting them into the DNA of squash plants (D. Tricoli, unpublished data). Plants then pass the coat protein genes along to their offspring. The above approach allows development of virusresistant squash hybrids with minimal impact on other desirable plant and fruit characteristics. This same process may be used to create virus resistance for other cucurbit species, such as muskmelon (Oliver and Giblin, 1992) . Virus-resistant varieties can extend the growing season for squash, increase profitability to the farmer, expand the selection of crops for crop-rotation practices, and assure an increased availability of the crop for consumers.
The purpose of this trial was to compare the field performance of two experimental transgenic squash hybrids and their parental line, a virus-susceptible summer squash hybrid.
Biotechnology is being used as an extension of conventional plant breeding, particularly when conventional methods cannot solve a particular problem (Oliver and Giblin, 1992) . A major objective of cucurbit breeders using biotechnology techniques is to develop resistance to the four aphid-transmitted viruses that affect cucurbits. Chemical control has provided little or no positive results in controlling the aphids before they spread the viruses (Oliver and Giblin, 1992) . The viruses of primary concern are cucumber mosaic virus (CMV), watermelon mosaic virus 2 (WMV2), zucchini yellow mosaic virus (ZYMV), and papaya ringspot virus (PRV) (Oliver and Giblin, 1992) . Virus symptoms are most severe when plants are infected during their seedling stage. Economic loss from plant injury and fruit distortion and discoloration may result from severe infection occurring at any stage of plant growth (Sherf and Macnab, 1986) .
Although resistance to viruses is expressed in some wild species of cucurbits (Provvidenti, Received for publication 22 July 1994. Accepted for publication 14 Feb. 1995. Use of trade names does not imply endorsement of the products named nor criticism of similar ones not named. Asgrow Seed Co. is gratefully acknowledged for providing seed and financial assistance to fund this research project. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. performance were noted between the two genetically engineered hybrids. Percent seedling emergence and flowering were similar among the three hybrids. Two weeks after planting, a series of high winds broke and killed several plants; as a result, data were collected from the first 6 m of every experimental plot. More than half of the 'Pavo' plants were virus-infected, 18 times as many as for XPH-1719 (Table 1) . We assume that the stunted growth and leaf malformation shown by plants of the susceptible hybrid infected with the viruses affected their flower production. The high levels of infection found in these plots can be attributed to the presence of large populations of aphids that presumably transmitted the viruses from plant to plant. XPH-1719 and XPH-1739 had a far lower percentage of infected fruit than 'Pavo' (Table  1) . Even though the transgenic plants presumably were infected by aphids, their genetic resistance helped them to reduce viral replication. The virus symptoms expressed by the Table 2 . Analysis of variance (ANOVA) corresponding to the virus-infected yield data of three squash hybrids from seven harvest counts. transgenic hybrids were determined by an enzyme-linked immunosorbent assay analysis to be those of the papaya ringspot virus, which also attacks squash. Due to the high summer temperatures, all hybrids produced a few double fruit, accounting for most of the cull fruit; however, differences in the quantity of cull fruit among hybrids were not significant. XPH-1719 produced a lower virus-infected fruit yield than 'Pavo' (Tables 1 and 2) . XPH-1719 and XPH-1739 were equally effective in producing a high percentage of quality marketable fruit and yields, with 90% and 13,800 kg•ha -1 and 87% and 16,500 kg•ha -1 , respectively. This 3000 plus kg•ha -1 relative difference in marketable yield between the lines may well represent an economic yield increase to the growers.
The two transgenic squash hybrids XPH-1719 and XPH-1739 demonstrated an increased virus resistance over 'Pavo' by producing a smaller percentage of symptomatic plants and a lower percentage of infected fruit.
